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[57} ABSTRACT

A transducer for use in an active noise cancellation

system is particularly adapted for use as a motor vehicle
exhaust muffler by physically designing the transducer
to optimize magnetic flux with increases in temperature
through the operating temperature range of the motor
vehicle. The magnet material used to form the trans-
ducer is selected, and the load line which provides in-
creased flux with increases in temperature is then
equated to the ratio of the area of the gap to the length
of the gap between the magnetic poles divided by the
ratio of the area of the magnet to the length of the
magnet; by equating the area of the gap to the length of
the gap ratios at maximum B/H and the selected load
range, the desired length of the magnet is derived since

the area of the magnet is determined according to con-
ventional criteria.

12 Claims, 2 Drawing Sheets
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1
TRANSDUCER FLUX OPTIMIZATION

This is a continuation of copending application Ser.

No. 07/864,094 filed on Apr. 6,1992, now U.S. Pat. No.
3,210,805 |

TECHNICAL FIELD

The present invention relates generally to active

noise cancellation systems, and more particularly to 10

transducers to be used in variable temperature environ-
ments such as motor vehicle exhaust systems.

BACKGROUND ART

Although active noise cancellation systems have been
developed, particularly for use in building ventilation
ducts, previously known systems are not well adapted
for use in the environment of motor vehicles. A large of
number of patents are directed to improvements in the

electronics and signal processing techniques for genera- 20

tion of the noise cancellation signal. For example, U.S.
Pat. No. 4,473,906 to Warnaka et al., U.S. Pat. No.
4,677,677 to Eriksson and U.S. Pat. No. 4,677,676 to
Eriksson disclose systems for analyzing and producing
the noise cancellation signals that must be delivered to
a cancellation point. U.S. Pat. No. 4,876,722 to Decker
et al and U.S. Pat. No. 4,783,817 to Hamada et al. dis-
close particular component locations which relate to
the performance of the cancellation, but does not other-
wise discuss how such systems are to be constructed,
particularly in a manner which would render them
applicable to muffle engine noise in the environment of
a motor vehicle.

Moreover, the previously known systems often em-
ploy extremely large transducers such as 12 or 15 inch
loud speakers of conventional construction. Such com-
ponents are not well adapted for packaging within the
confines of the motor vehicle, and particularly, within
the under carriage of the motor vehicle. Moreover, the
low frequency content of the signals which must be
cancelled is on the order of 25 hertz. Furthermore, the

highest frequencies encountered on the order of 250
hertz. Conventional wisdom suggests that a large loud-
speaker would be necessary to generate sound signals
with sufficient amplitude in that frequency range. Such
speakers are particularly impractical to mount beneath
the motor vehicle. Furthermore, while many of the
prior art references teach installation of the speakers
within the ducts carrying the sound pressure signal,
such a mounting is impractical in the environment of
motor vehicle exhaust conduits. In addition, while the
limited area for exhaust conduit routing might suggest
that the size of a speaker to be used in an active noise
cancellation muffler would be reduced in size and com-
pensated for by additional speakers of small size, such a
multiplication of parts would substantially increase the
cost of producing the active muffler system while at the

same time having an adverse impact upon reliability of
such a system.

In addition, from a production and manufacturing 60

standpoint, the transducer and its driving circuit repre-
sents substantial portion of the cost of the system. In
particular, the sensing and processing apparatus can be
miniaturized to a great degree, and thus may have mini-
mal packaging and materials impact. On the other hand,
the speaker may include a large magnet, and the driving
circuit includes power transformers to generate large
amplitude signals required to drive the transducer or
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loudspeaker emitting the cancellation pulses. Moreover,
the larger components in the power circuit increase cost
not only by the expense of the individual components in
the circuit but also by adding to the temperature com-
pensation components and costs to control the heat
generated in the power system.

Moreover, typical transducers are usually designed
for optimum operation at room temperature environ-
mental conditions. In contrast, the motor vehicle ex-
haust system typically attains temperatures hundreds of
degrees above normal environmental temperatures.
Depending upon the material used in the construction
of the transducer magnet, the operating temperatures of
the motor vehicle have an adverse impact upon the flow
of flux through the magnetic flow path. In particular, it
1s well recognized that the flow of magnetic flux in
typical transducers will diminish as the magnet is sub-

Jected to higher and higher temperatures. As a result, at

the typical high temperatures of the vehicle operating
environment, a substantially greater amount of power
must be provided by the power circuit in order to oper-
ate the transducer at a level which will effectively can-
cel the noise pressure pulses passing through the ex-
haust conduit. Thus the use of conventional compo-
nents in such system would substantially increase the
cost as well as the packaging size of the components

- which must be used in order to provide active noise
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cancellation mufflers in motor vehicles.

TECHNICAL PROBLEM RESOLVED

The present invention overcomes the abovemen-
tioned disadvantages by providing transducer magnet
flux optimization throughout the operating temperature
range of the motor vehicle. In particular, while features
of the transducer construction may be constructed ac-
cording to conventional design and manufacturing stan-
dards, the present invention provides particular design
parameters for the conventional components in which
the flux and demagnetizing force are maximized at the
high, conventional operating temperatures for motor
vehicle engines.

The overall construction of the transducer is consis-
tent with conventional structure and design consider-
ations to maximize efficiency of the conversion of elec-
trical energy to mechanical energy. As a result, the
poles of the magnet may be saturated, to reduce flux
losses, the magnetic mass is determined according to the
magnet material selected, and the coil is wound with an
appropriate number of turns and proper diameter con-
ductor to assure maximum force for displacement of the
transducer diaphragm. The present invention empha-
sizes the dimensions of the gap and the magnet.

In particular, once the magnet material is selected,
the ratio of the area of gap to the length of the gap
between the magnet poles is related to the ratio of the
area of the magnet to the length of the magnet by a
constant factor of load. Thus, by adjusting the load
presented by the dimensions of the gap and the magnet
to a level at which the induction and demagnetizing
force increase as a function of temperature, the present
Invention optimizes the flux through the transducer
magnet within the operating environment of the motor
vehicle, and reduces the amount of power which must
be supplied to drive the transducer. In the preferred
embodiment, the magnet would preferably be made of
the ceramic material when the current cost differential
between ceramic and better magnetic materials must be
accommodated in the mass production of motor vehicle



J,343,533

3

components. However, the material may be selected as
desired without departing from the scope of the present
invention. The selection of better magnetic material
improves the performance of the magnet because the
magnetic force desired can be obtained with substan-

tially less mass and size. Thus, better magnetic materials
such as the Alnico alloys, and preferably the Alnico 8b

represented by curve 84 in FIG. 4, would alleviate

mounting and packaging problems associated with
larger, less powerful, magnetic materials previously
rehied upon in audio reproduction systems. Further-
more, the flatter demagnetization curve 84 of Alnico 85
provides greater tolerance to changes in demagnetiza-
tion force since minor deviations in demagnetizing
forces are less likely to force the induction to zero,
resulting in complete demagnetization of the magnet.
Thus, the present invention provides improved per-
formance transducers to be used in active noise cancel-
lation systems for motor vehicle exhaust systems. The
present invention optimizes the flow of magnetic flux
by coordinating the dimensions of the air gap with re-
spect to the dimensions of the magnet in a manner
which assures increasing performance with increasing
temperature throughout the range of operating temper-
atures for the motor vehicle power plant. Moreover, the
present mvention can be used to reduce the cost of the
amplifier components and the magnet material used to
the extent that the performance of the magnetic mate-
rial improves as a function of temperature at a predeter-

mined load governed by the dimensions of the magnetic
path and the air gap.

DRAWING DESCRIPTION

The present invention will be better understood by
reference to the detailed description of a preferred em-
bodiment, when read in conjunction with the accompa-
nying drawing in which like reference characters refer
to like parts throughout the views and in which:

FIG. 1 is a diagrammatic view of an active noise
cancellation system for motor vehicles including a
transducer constructed according to the present inven-
ti1on;

FIG. 2 1s a perspective view of a loud speaker con-
structed in accordance with the present invention:

F1G. 3 1s a graphic representation of the design crite-

ria relied upon in constructing the speaker shown in
FIG. 1; and

F1G. 4 is a graphical representation of different mag-
netic materials which may be employed in constructing
a transducer according to the present invention.

BEST MODE

Referring first to FIG. 1, a motor vehicle exhaust
system 10 1s as shown comprising an active noise can-
cellation system 12. The engine 14 includes exhaust
conduit 16 communicating with header pipes 18 and 20
communicating with exhaust manifolds 22 and 24 re-
spectively. As used herein, the conduit 16 refers gener-
ally to the path communicating with the headers 18 and
20 regardless of the individual components forming the
passageway through which the exhaust gasses pass. For
exampie, the catalytic converter 26 and the passive
muffler accessory 28 form part of the conduit 16, while
an active noise cancellation transducer housing 30
shown for the preferred embodiment carries a trans-
ducer or speaker 32 for communication with the con-
duit 16. With the housing 30, the transducer acousti-
cally communicates with the conduit 16 through tuning
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ports such as 50 and 352, each communicating with an
opposite side of the transducer 32.

Nevertheless, the housing 30 could also be con-
structed to support or form part of the conduit 16. Cata-
lytic converter 26 and the passive muffler accessory 28

may be of conventional construction for such items and
need not be limited to a particular conventional con-
struction. For example, the passive muffler 28 may

include simple noise damping insulation carried in a
closed container, for example, as desired to reduce vi-
brations or otherwise dampen oscillation energy in sus-
ceptible portions of the conduit, or to combine the pas-
sive muffler accessory 56 with the active noise cancella-
tion system 12.

Active noise cancellation system 12 includes active
noise cancellation controller 40 cooperating with a
sensor 42 and a feedback sensor 44 as well as a trans-
ducer 32 carried by the transducer housing 30. The
electronic controller 40 includes a digital signal process-
ing (DSP) controller 46 generating a control signal
responsive to the signal representative of the detected
noise from sensor 42 in order to generate an out of phase
cancellation signal. The control signal is then enhanced
by an amplifier circuit 48 that provides a sufficient am-
plitude drive signal for the transducer 32 so that the
transducer emits pressure pulses that match the level of
sound pressure pulses as they pass the transducer port
communicating with the conduit 16 in a known manner.
Likewise, the controller adjusts the drive signal in re-
sponse to detected pulses at sensor 44.

Referring now to FIG. 2, transducer 32 is shown
comprising a magnet 60 including a gap 62 adapted to
recelve the coils 64 (shown below their correct position
to clarify the drawing). Magnet 60 includes a slug defin-
ing a center pole 66 and ring and plate arrangement
defining a body pole 68. The coil 64 is coupled to the
diaphragm 70 by a sleeve, and as just described, the

‘speaker construction is conventional and operates in a

well known manner. In addition, the choice of using
ring magnets or slug magnets will be determined in
accordance with conventional loudspeaker design stan-
dards without departing from the scope of the present
imvention.

In accordance with the present invention, the speaker
material is selected in accordance with the flux and
demagnetization force requirements of the magnet. The
magnet 60 i1s made of a material selected for its intrinsic
magnetization densities. As demonstrate in FIG. 4, de-
magnetization curves demonstrate the differences in
magnetization density of various materials. Curve 80
demonstrates the characteristics of a ceramic magnet
material. Curve 82 demonstrates the characteristics of
Alnico § magnet material. Curve 84 represents charac-
teristics of a magnet cast from Alnico 8b.

As demonstrated in FIG. 3, the demagnetization
curve of a single material will vary depending upon the
temperature of the magnetic material. As demonstrated
by the changes in curve 80 in FIG. 3, the maximum flux
decreases while the demagnetization force increases
with increasing temperature. The permeance coefficient
B/H represents a particular load within the magnetic
circuit path. In particular, the load is related to the
geometry of the magnet and the geometry of the gap at
the poles of the magnet. In particular, the ratio of flux
(B) to demagnetizing force (H) is related to the ratio of
the area (Ag) of the gap to the length (Lg) of the gap
divided by the ratio of the area (Am) of the magnet to
the length (LLm) of the magnet. As a result, it will be
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understood that the load can be adjusted by configura-

tion of the physical characteristics of the magnet so that

the performance of the magnet is consistent or IMpProves
as the temperature of the magnet increases.

In particular, load line A represents a slope of about
1 and demonstrates that the flux capacity decreases as
the temperature increases from 0° to 100° to 200°. In
contrast, load line B has a slope of approximately 0.2
and demonstrates that flux capacity increases about
0.18% per degree centigrade (°C.). Load line C repre-
sents an intermediate load condition at which the flux
capacity increases about 0.12% per degree centigrade
(°C.) from 0° to 100° C. and about 0.05% per degree
centigrade (°C.) when the temperature is raised from
100° C. to 200° C. As a result, once the material of the
magnet has been selected, and the shape of the magnet
has been chosen, the length of the magnet can be readily
determined.

For example, assuming that the permeance coeffici-
ent (B/H) equals 0.77, load line A equals the ratio of
area of the gap to the length of the gap divided by the
ratio of area of the magnet A to the length of magnet A.
As a result, the ratio of area of the gap to the length of
the gap equals 0.77 times the ratio of the area of the
magnet A to the length of the magnet A. Correspond-
ingly, where the permeance coefficient (B/H) for mag-
net B equals 0.17, the constant slope is also equal to the
ratio of the area of the gap to the length of the gap
divided by the ratio of the area of the magnet B to the
length of the magnet B. Since the ratio of the area of the
gap to the length of the gap would remain consistent in
order to mimmize flux losses at the gap regardless of
whether magnet A or magnet B is to be used, the ratio
of area to length of magnet A times 0.77 is made equal
to the ratio of area to length of magnet B times 0.17.
Furthermore, knowing that the area of the magnet B
must be approximately three times the area of the mag-
net A, 1t i1s readily understood that the length of the
magnet B i1s approximately 0.662 times the length of
magnet A and the transducer is constructed accordingly
as compared to traditional loudspeaker construction.

Similarly, while load C does represent the optimum
Increase in flux flow (B) per degree centigrade (°C.) of
energy change, the permeance coefficient of 0.375 has
also been multiplied by the ratio of the area to the
length of the magnet C integrated to the ratio of the
area of the gap to the length of the gap. Accordingly,
where the area of the magnet C is approximately 1.7
times the area of magnet A the length of the magnet C
would be approximately 0.828 times the length of mag-
net A constructed according to traditional criteria. The
traditional criteria include the general consideration
that a speaker with a two pound magnet should be twice
as good as a one pound magnet where both speakers
employ a gap of the same volume, both speakers employ
the same magnet material, and the magnets are properly
matched to the gap in each case.

As a result, the present invention provides more effi-
cient transducer operation by maintaining the magnetic
force throughout the operating temperature. It will be
appreciated that an increase in flux B with rising tem-
peratures may be used to counteract reduced current
caused by increased resistance in the transducer coil
conductor since the force (F) equals flux (B)Xinduc-
tance (L)X current (I). In addition, an amplifier need
not generate the level of power that might otherwise be
necessary to drive the transducer to counteract reduced
flux resulting from exposure of conventionally designed
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6

transducers to increased temperatures. Furthermore,
the present invention designs the transducer in accor-
dance with a desired operating temperature range, for
example, the operating temperature range of the motor
vehicle exhaust components, and thus does not lose
power as would a transducer constructed according to
previously known standards. As a result, the present
invention provides a substantial cost savings in the driv-
Ing circuitry and provides packaging advantages over
conventionally designed transducer systems in the
motor vehicle environment. Accordingly, the present
invention renders active noise cancellation more practi-
cal for use as mufflers for motor vehicle exhaust sys-
tems.

Having thus described the present invention, many
modifications thereto will become apparent to those
skilled in the art to which it pertains without departing
from the scope and spirit of the present invention as
defined in the appended claims.

I claim:

1. Method for optimizing transducer flux throughout
an identified temperature range of an acoustic repro-
duction transducer magnet comprising:

selecting a material for constructing the magnet;

identifying a B/H load K at which both flux and

demagnetizing force of a magnetic field applied to
the selected material increase as a function of in-
creasing temperature throughout the temperature
range of the transducer;

constructing a magnet of the selected material with

an air gap configured with Ag/Lg<-Am/Lm=XK
where Ag is the area of the gap, Lg is the length of
the gap, Am is the area of the magnet and Lm is the
length of the magnet.

2. The 1invention as defined in claim 1 wherein said
selecting step comprises a selecting a ceramic magnetic
material. |

3. The invention as defined in claim 1 wherein said
selecting step comprises selecting an alnico magnetic
material.

4. A magnet for a loudspeaker construction compris-
ing:

a central pole section:

a body pole;

wherein said central pole is spaced from said body

pole section a predetermined distance Lg;

wherein said central pole and said body pole have a

cross-sectional area Ag;
said magnet having a cross-sectional area Am and a
length Lm;

wherein the ratio of Ag/Lg is related to the ratio of
Am/Lm by a factor K representing the slope of a
load line where the magnetic flux and the demag-
netization force increase as a function of increased
temperature throughout a predetermined range of
temperatures to which the loudspeaker is sub-
jected.

5. The invention as defined in claim 4 wherein said
magnet is made of a ceramic material.

6. The invention as defined in claim 4 wherein said
magnet 1S made of AINiCo material.

7. A loudspeaker construction comprising:

a diaphragm;

a sleeve joined to the diaphragm;

a coil carried by the sleeve; and

a magnet with a gap to receive the sleeve, wherein

the magnet includes;

a central pole section;
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a body pole: producing a source signal in response to the drive sig-
wherein said central pole is spaced from said body  Ral, the improvement comprising: , _
pole section a predetermined distance Lg: a magnet for at least one transducer having an air gap

configured with Ag/Lg-+~Am/Lm=K
5 wherein Ag is the area of the gap, Lg is the length of
the gap, Am 1s the area of the magnet, Lm is the

wherein said central pole and said body pole have a
Cross-sectional area Ag;

said magnet having a cross-sectional area Am and a length of the magnet and K is the B/H load line for
length Lm; a magnetic material selected to construct the mag-
wherein the ratio of Ag/Lg is related to the ratio of net.
Am/Lm by a factor K representing the slope of a 10 9. The invention as defined in claim 8 wherein said
load line where the magnetic flux and the demag- magnet 1S made of a ceramic material.
netization force increase as a function of increased 10. The nvention as defined in claim 8 wherein said

temperature throughout a predetermined range of  ™agnet is made of AINiCo material. L
temperatures to which the loudspeaker is sub- 11. The invention as defined in claim 8 wherein said

jected. 15 magnet has a central pole section and a body pole sec-

L : _ _ tion.
8. In combination with an acoustic reproduction sys- 12. The invention as defined in claim 8 and further

tem 'hﬁVil_lg a si-gnal source, an 311:1P1iﬁ3f for generating comprising a coll sleeve extending through the gap, and
a drive signal in response to an input from the signal a diaphragm connected to said coil sleeve.
source, and at least one transducer for acoustically re- 20 *oRoF kA
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